forming lipids are removed and thus the constraints on formation of non-bilayer structures are reduced. The action of cryopreservatives, based on these effects of temperature and water activity on thc phase behaviour of membrane lipids, may be predicted to affect membrane lipids in such a way as t o preserve the phase bchaviour close t o that prevailing at physiological temperatures. Thus cryoprotective agents would act t o lower the lamellar-non-bilayer phase transition temperature of thc bilaycr-forming lipids. Furthermore, by reducing thc temperature at which ice crystallizes, formation o f lamellar gel phases comprised of non-bilayer lipids may be prevented and the action of acidic lipids can be manifested at lower temperatures.
('orrc~llr.sioris
It can bc seen from the studies of the effects of cryoprotcctive agents o n model membrane systems that a general theory can be formulated t o account for the injury sustained by biological membranes during freezing or dehydration. Thc kosmotropic action of sugars on water structure and the activity o f water adjacent to the membrane interface prevents irrevcrsiblc phase separations that otherwise occur during thc freezing or drying process and which result in membrane lesions when thc cells are subsequently thawed o r rehydrated. important roles in the cell surface signal transduction of a variety of extracellular messengers through activation of protein kinase C [ 1. 21. It is known that DAGs induce structural changes in membranes, such as alteration of membrane curvature [3] , modification of surface charge 141, bilayer to non-bilayer phase transition [5] [6] [7] , the spreading apart of the polar groups of the phospholipids and production of non-lamellar phases [ 81.
Since DAGs may alter so extensively the membrane structure, it would be interesting to discover what implications this has for membrane fusion. To this end, we have used phospholipid vesicles as a model system. Phosphatidylserine (PS) was included in these phospholipid vesicles so that fusion could be induced by calcium. Diacylglycerols and egg yolk phosphatidylcholine (PC) were also present.
Large unilamellar vesicles were prepared by extrusion through polycarbonate filters (0.1 pm) using an Extruder Vol. 17 machine (Lipex Biomembranes Inc., Vancouver, Canada) essentially as described in [9] . Mixing of the aqueous vesicle contents was measured by using the terbium-dipicolinic acid (Tb-DPA) fusion assay described previously [ 101. The Tb-DPA complex was excited at 276 nm, and emission was measured at 545 nm, with a cut-off filter (permitting light at wavelengths greater than 520 nm). Appropriate amounts of CaClz were injected with Hamilton syringes directly into the cuvette.
The fluorescence development of a 1: 1 mixture of Tb-and DPA-containing vesicles of different composition, upon injection of CaCl, to a final concentration of 8 mM, is depicted in Fig. l ( u ) . It can be seen that vesicles made of PS/ PC in a 1 :I molar ratio show almost no mixing of the aqueous contents. The presence of DAGs has different effects, depending on acyl chain composition and the position of the chains. 1,3-Dioleoylglycerol ( 1,3-DOG) has no effect in promoting mixing of the contents, 1,2-dipalmitoylglycerol ( 1,2-DPG), at SOT, has a moderate effect and the 1,2-isomer of dioleoylglycerol (1,2-DOG) is clearly the most effective in promoting mixing of the aqueous contents. It is interesting that the time course for mixing of the contents for PS/PC in the presence of 1,2-DOG is composed of an initial fluorescence increase followed by a gradual decrease, which rescmbles the time course for the mixing of contents for vesicles made of PS only (control not shown) which has previously been described [ 111. It was established [ 111 that the initial increase is due to mixing of the internal contents during vesicle fusion. while the subsequent decrease is due t o the release of vesicle contents into the external medium resulting in dissociation of the Tb-DPA complex and quenching of its fluorescence. However, if we compare the PS/PC/I,2-DOG system with the pure PS, the former presented a lower initial rate and extent of calcium-induced contents mixing. In the presence of DPG, no decrease of fluorescence was found in the range of our usual measuring timc ( 5 min).
The extent of contents release was determined directly in parallel experiments in which the Tb-DPA complex was encapsulated in the vesicles and the decrease of its fluorescence was followed under conditions otherwise identical with those in the mixing assay. The results are shown in Fig. l ( h ) , where it can be seen that no significant release is produced from PS/PC vesicles. This result, taken together with the observation that no mixing of contents take place, indicates that fusion, as measured by the Tb-DPA assay, did not occur in these PS/PC ( 1 : 1 ) systems. The latter is in agreement with earlier studies [ 121 which demonstrated that the presence of 50"/0 (mol/mol) PC in PS systems clearly inhibited the calcium-induced fusion in the range of concentration used in this study (0-10 mM-CaCI,). The presence of 1,2-DOG has a very strong promoting effect on the release of contents from those vesicles. However, 1,3-DOG and 1,2-DPG lacked this promoting effect. It should be noted that the absence of contents release in the presence of 1,2-DPG is consistent with the absence of decrease of fluorescence in the mixing of contents assay (Fig. 1 u) .
Studies of calcium-induced fusion of vesicles combining anionic and neutral phospholipids have shown that PC antagonizes apposition and fusion of bilayer lipid membranes [12] [13] [14] . It has been proposed that lateral phase separation plays a necessary role in the calcium-induced fusion of PC/PS vesicles containing < 70% (mol/mol) PS [ 141. These authors showed that for an equimolar dioleoyl-PC-dioleoyl-PS mixture, the fusion efficiency was rather low. Our observations agree with this report.
To explain the enhancement of fusion by Ca2+ of the PC/ PS membranes given by DAGs. it might be suggested that DAGs facilitate a lateral phase separation of PS. To test this possibility we used the fluorescence self-quenching of C,,- Tb-DPA complex and shows the percentage of the fluorescence that has dissociated due to leakage from, and the entry of medium into, the vesicles. Measurements were carried out at 2 5 T , except for those on 1,2-DPG-containing vesicles which were performed at 50°C.
NBD-PC phospholipid which has been shown to be useful in monitoring calcium-induced phase separation in PS bilayers [ 151 and we found that the presence of DAGs, although promoting calcium-induced fusion, does not produce any significant phospholipid lateral phase separation as measured by this technique neither before nor after calcium addition.
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To characterize the interaction taking place in the systems under study, we gained insight into the macroscopic organization of the phospholipid by means of n.m.r. Multilamellar vesicles wcre prepared and high resolution n.m.r. spectra were recorded in the Fourier transform mode on a Bruker CXP300 spectrometer ( 12 I .46 MHz).
PS, when hydrated in the absence of calcium, gives rise to the familiar asymmetrical 31P-n.m.r. line shape with a highfield peak and a low-field shoulder. characteristic of phospholipids organized in liquid-crystalline bilayer structures: the addition o f calcium to hydrated PS produces precipitation o f the lipids and the corresponding "P-n.m.r. spectrum reverts t o a 'rigid-lattice' (no motion) line shape characteristic o f an axially asymmetric "P chemical shift tensor [IS] . T h e remarkable effect of calcium on PS suggested that calcium hinds specifically t o the phospholipid headgroup forming an anhydrous complex between two molecules [ 16J of PS with formation of distinctive cochleate lipid cylinders as visualized by freeze-fracture electron microscopy I 171. 'The systems formed by PSjPC ( I 1 ) and the same system plus DACis. both in the absence o calcium, gave rise t o bilayerlike "P-n.m.r. spectra (data not shown) indicating that. at the concentration of DAGs used here, and in the absence of calcium, DAGs have no cffect on the macroscopic organization of the phospholipid.
T h e "P n m r . spcctra of PSjPC vesicles and those corresponding t o this system plus DAGs in excess C a 2 + are depicted in Fig. 2 . T h e mixture of 1:1 PSjPC in excess calcium gave rise to an asymmetrical ? ' P n.m.r. line shape (with ;I high-field peak and ii low-field shoulder and a A d of approx. 63 ppni.). characteristic of an axially symmctrical chemical shift tensor, indicating that. in this system, the phospholipids arc organized in extended bilayer structures (Fig. 2rr) . predominant one (Fig. 2h) . the data demonstrating that the spectrum originating from the lipid organized in bilaycrs is largely replaced by a spectrum characteristic of isotropically moving phospholipid molecules. It is clear that in the presence o f calcium, the PSjPC mixture does not show a 'rigid lattice' line shape. but instead ;I bilayer spectrum is found (Fig. 2.) . This means that the presence o f SO'%) (mol/moli PC prevents the formation of cochleate cylinders by PS. It should be noted that the amount of isotropicnlly moving lipid in the prcsencc of DAGs is well correlated t o the efficacy in promoting the calcium-induced fusion. Hence. I ,2-I)OG. which is the most effective in promoting fusion in our system since it produces mixing and release of aqueous contents, shows a predominant isotropic signal. 1,3-DOG and 1,2-DPG, which are clearly less effective in promoting fusion, showed an isotropic component, but the major component present is still clearly the bilayer hignal. It has been recently shown that a corrclation exists between liposome kinetics and lipid phase behaviour for several inverted phase forming lipids [ 18 I . Furthermore. it has been found that DAGs may produce invcrtcd phases in pure PC, although at concentrations higher than those used here [XI; and they induce membrane fusion and stabilize inverted phases in phosphatidylethanolamine bilayers 1 19 I . It seems probablc that the isotropic signal evidenced by .'I Pn.m.r. corresponds to the formation of inverted phases formed by DAGs in PSjPC vcsiclcs, which are produced only in presence of calcium, and are responsible for the observed fusion process.
cult t o determine the consequences for biological membranes from the data shown above. However. it is worthwhile t o comment that although I 0 niol'%, DAGs is certainly a higher concentration than expected. even in stimulated membranes (at most 2 mol'%). A long-standing issue is the molecular mechanism of action of anaesthetics (see [ 1, 21 for reviews on this topic). In this regard, it should be noted that, so far, any attempt to show evidence of large perturbations of the lipid bilayer of biological membranes at the concentrations of these drugs that promote anaesthesia have been rather inconclusive [ I , 21. Therefore, increasing attention is being focused on the possibility that membrane proteins can provide the anaesthetic receptor site in excitable membranes and couple it to the functional alterations produced (see, for example 13-51). Nevertheless, except for its hydrophobicity, the physicalchemical characteristics of this putative receptor site have not yet been elucidated.
Besides the well-known blockade of the voltage gatedNa+ channel of the axonal membrane by local anaesthetics, thesc drugs alter physiologically relevant Ca'+ -dependent biochemical processes [S, 61. In particular, they are antagonists of calmodulin and inhibit the (Ca" +Mg'+)-ATPase of the plasma membrane of synaptosomes at concentrations close to their pharmacological doses [5-71. Because the Ca' + pump of the neuronal plasma membrane plays an important role in controlling the concentration of free Ca'+ within the neuronal cytosol 181, and thus in the control of neuronal activity, we have studied in more detail the modulation by anaesthetics of this enzyme and other Ca'+ transport processes of the plasma membrane of synaptosomes, membrane preparations largely enriched in neuronal plasma membrane involved in synaptic connections.
The ( , lidocaine (0.4-0.7 mM) and procaine (1.5-2.0 mM). Except for the case of tetracaine, the inhibition of the ATPase activity does not show positive co-operativity. In addition, we have studied the effect of ethanol, an anaesthetic of parfcular interest, on the Ca'+ uptake and (Ca'+ +Mg?+)-ATPase activity of the plasma membrane of synaptosomes and we have found that it also inhibits both processes with a KIl5 value of about 0.5%, (v/v).
In normal physiological conditions, the Ca-'+ pump of the plasma membrane is likely to be the most important system in maintaining low cytosolic Ca'+ levels in the neuron [ 8, 101. In our preparations of plasma membrane, this system shows a maximum rate of Ca?+ transport of about 4-5 nmol of Ca'+/min per mg of plasma membrane protein, in good agreement with the results obtained by others [ 111 using preparations similar to ours. A priori, the effect of the inhibition of the CaZ+ pump of the plasma membrane by local anaesthetics on free cytosolic Ca2+ levels could be counterbalanced by stimulation of the Na+ /Ca' +-exchange system of this membrane, which can also extrude Ca'+ to the extracellular space with high efficiency, although with low affinity for Ca2+ [ 10, 121. We have measured the effects of dibucaine, tetracaine, lidocaine, procaine and ethanol on the Na+/Ca2 
